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(Designation of Document] SPECMCAnON 

rntle of the Invention] TO>IERAND]MA(^FORN!INGAPPAIUr^ 

TEIESAME 

[Claims] 

[Claim 1] A toner comprising a binder resin and at least a colorant, ^ndierdn the 
toner has a storage moduhis (G' 0^ 1 )) in a linear region and a storage modulus (G' 
(NL)) in a nonlinear regjon at ISO^'C, in $t^ strain measuranent of from a linear 
region to a nonlinear region of viscoelastic characteristics* satisfyipg the relationships 
of 

G' (LIVG' (NL) is from S to 20, and 

G' (NL) is from 100 to 400 dyn/cm^ 
[Claim 2] The toner according to claun 1, wherein the toner contains a rdease 
agent in an amount of 4 parts by wdlght or less per 1 00 parts by weight of the binder 
rem 

[Qahn 3] An image^fomung apparatus comprising at least: 

an image carrier on which an electrostatic latent image is fonned; 
a developing unit which develops the electrostatic latent image on the image 
carrier to form a toner image by a toner, 

a transfming unit vM<Ai transf^ the ton^ image on the image carrier to a 
recording medium; and 

a fixing unit which fixes the toner image transferred to the recording medhim 
heating, 

wherdn the toner is the toner according to claims 1 or 2, 
wfaerdn the fi»ng unit has oil-less two rollers. 
[Detailed Description of the Invention] 
[0001] 

1 
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[Field of the Invention] 

The present invention relates to the technical field of toners used for forming 
iniages of electrostatic images in electrophotography; electrostatic recording and 
electrostatic printing etc. by development to toner images and heat-fixing the toner 
images^ and also relates to image-forming apparatus, e.g., copying machines, printers 
and fiicsimiles udng the toner. 
[0002] 
[BadcgroundArt] 

As electrophotograplQr method, a method of forming an dectrostatic charge 
image on a photosensitive material conq>ri8tng a photoconductive substance, 
devdopmg the electrostatic charge unage by a toner carried on a devdoping roller, 
transferring the toner image developed on the photosensitive material directly to a 
recording medium, e.g., paper, or via an intermediate transfer substance, and fixing the 
toner ima^ on the recording medium by a fixing roller, e.g., a heating roller, on the 
recording medium, e.g., paper, by pr^s-heating is known. 

[0003] 

The toners used m this method are required not to bring about a so-caU 
temperature or hot ofigiet, i.e., the adhesion of melted toner on a heatii^ig roUei; and also 
required to have excdlent ISodog abili^ sudi as great fixing strength of the toner image 
fixed on a recordmg medium. 

In fixmg using a heating roller, as the fictors which control the fixing ability 
and the of&et resistance of the toners, it is well known that the storage modulus G* and 
the loss modulus G" in dynamic viscodastic characteristics of a ton^ have influence. 
Storage moduhis G' and loss moduhis G*' are viscoelastic characteristics of a substance 
having general viscodastidty defined by complex dastic modulus in vibration 
experiment, and the real number part of complex dastic moduhis is called storage 
moduhis G' and the imaguisiy number part is called loss modulus G", specifically. 
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Storage modulus is an index showing the degree of the dastidty of a toner and loss 
moduhis is an index showing the degree of viscosity. The dynamic viscoelastic 
characteristics are characteristics having a temperature-dependency varying according 
to the temperature, a frequmcy-dependenc^ varying according to the frequency, and a 
strain-dq)eadency vaiying according to the strain^ i.e., characteristics showing a linear 
region of behaving Unearfy according to temperature^ fiequenqr and strain, or a 
nonlinear region of behaving nonlmearty. 
[0004] 

It is proposed to inqxrove the fixmg ability, offiet resistance and blocking 
resistance of a toner image by ^ressii^ the melting state of a ton^ at fixing time in 
such dynamic viscoelastic characteristics of temperature-dependency of a toner (e.g.y 
refer to patent document 1). 

That is, the toner in this proposal is the toner containing binder resins, 
colorants and release agents, and the proposal intends to unprove low temperature 
fixing ability, offset resistance and blocking resistance of the toner by setting the 
tenq>erature of the time when the ratio of loss moduhis to storage modulus (GT/C = 
tan S) becomes 1.0 at: the range of fi^om 55 to 70^C, the elastic modulus at that time at 
L5xI0* Pa orless^ the ratio of storage moduhis G' (40) to'storage modulus G' (50) (G' 
(40)/G' (SO)) at firom 1,5 to 5,0, the rado of storage moduhis G' (50) to storage 
moduhis G* (60) (G' (50)/G' (60)) at from 5 to 20, the ratio of storage modulus (70) 
to storage moduhis G* (100) (G' (70)/G' (100)) at from SO to 250, and the ratio of 
storage modulus G' (110) to storage moduhis G' (140)(G' (1 10)/G' (140)) at from 2 to 
20. 

[Patrat Document 1] Japanese Unexamined Patent Application Publication 
No. 10-171156 (Abstract, etc) 
[0005] 

[Problems to be Solved by the Invention] 
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In the above-described fixation by heating, toners come to show the heavier 
of a linear region 0^1) before fixing nip (inletX the behavior of a nonlinear region (ML) 
at fixing nip part, and the behavior of a linear region (L2) at the outlet of fixing nip. 

However^ m the toner disclosed in patent document 1, the dynamic 
vi^oelastidty of temperature-d^enden^ measured in a linear region is used. In the 
fixation by heating, as described above, m&e application of the dynamic 
viscoelasticity of temperature-dependmcy measured in a linear r^on to the toner 
showing a linear region (Ll)-a nonlinear region (NL)'a linear region (L2) behavior is 
not conformable to actual behavior of the toner at the time of heat-fixation. Therefore, 
it cannot be said that low temperature fixing ability and offiet resistance of the toner 
are sufficiently and efifectiveiy improved. 

Thus, it cannot be said that sufficient and effective inq)rovement has been 
done by conventional improv^ent of fixing charactedistics of toners, and there is 
plenty of scope for inq>n)vements of low temperature fixing abilhy and ofi&et 
re^bstance of toners. 

[0006] 

The present invention has been done in view of these cu-cunistance^ . .. . 

object of the present invention is to provide a toner which can eflfectively improve low 
temperature fixing ability and ofi&et resistance of a toner by using dynanuc viscoelastic 
characteristics more conformable for actual toner behavior in fixation by heating. 

Another object of the present invention is to pro^de an image-forming 
apparatus capable of fomung a high quality image while enhancing low temperature 
fixing ability and preventing offset of a toner. 

[0007] 

[Means for Solving the Problems] 

To solve above-m»tioned problems, the toner according to Claim 1 of the 
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present mvention mctudes a binder resin and at least a colorant,^ wherein the toner has 
a storage modulus (G' (LI)) in a linear region and a storage modulus (G' (NL)) in a 
nonlinear region at 1 SOT^ in step strain measurement of from a linear region to a 
nonlinear region of viscoelastiG characteristics, satisfying the relationships of G* 
(LiyG' (NL) is from 5 to 20, and G' (NL) is from 100 to 400 dyn/cml 

Further, there is provided the toner according to Claim 2 of the present 
invention^ wherein the toner contams a release agrat in an amount of 4 parts by weight 
or less per 100 parts by wdght of the hmd^ rean. 

[0008] 

Furthermore, an imag&-forming apparatus acconUng to Claim 3 of the 
invention mchides at least: an image carrier on which an electrostatic latent image is 
fonned; a developing unit which devdops ihe electrostatic latent image on the image 
carrier to form a toner image by a toner; a transferrii]^ unit which transfers the toner 
unage on the image cani^ to a recording medium; and a fixmg unit which fibres the 
ton^ image transferred to the recording medium by heating, wherein the toner is the 
toner.accordiqg to Qahn 1 or 2, wherein the fbdng imit has oilrless two roU^. . 

[0009] 

[Opmtions and Effects of the Ihvoition] 

The toner of the preset invention having such a constitution is prepared, 
wherdn, in step strain measurement of from a linear r^on to a nonlinear r^on of 
viscoelastic characteristics, the binder resin of the toner of the invention is prepared so 
that the storage modulus (G' (LI)) in a Imear region and the storage modulus (G' (ML)) 
in a nonlinear region at 180**C satisfy the relationship: G* (LI)/G* (NL) is from 5 to 20, 
and G' (NL) is from 100 to 400 dyn/cm\ Therefore, a Imear r^on and a nonlinear 
region of dynamic viscoelastic characteristics of the strain dependency of the ton^ are 
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efiSxtively utilized in fixation by heating^ thu$ a ton^ more conformable to actual 
behavior of tooi^ can be obtained 
[0010] 

Therefore, according to the toner of the invention, the melting of the toner in 
fixing nip is performed smoothly and it becomes possible to efifectivdy inq)rove low 
temp wKture fixmg ability and offset resistance of the toner. 

In particular, when the content of a release agent is more than 4 parts by 
weight p^ 100 parts by wdght of the binder resm, transparenq^ is hindered, so that 
transparm^ can be inq)raved by setting the content of a rdease agent at 4 parts by 
weight or less per 100 parts by wei£^ of the bnid^ resin. 

[0011] 

According to the image-forming ^aratus of the invention^ a high quality 
toner image having good trans^>arency can be formed while maintflimng oil-less and 
good low temperature fixing ability and preventing hot ofl&et by organically combining 
a toner improved in low temperature fixing ability, hot ofi&et resistance, and 
transparency as described above, with an oil-less two-roller fixing unit. 

[0012] 

[Embodiments of the Invendon] 

The toner according to the present invention has a dynamic viscoelastic 
charact^tic showing the behavior of a Imear region (LI) before fixing nip ^et), the 
behavior of a nonlinear region (ML) at fixing nip part, and the behavior of a linear 
region (L2) at the outiet of fixing nip. This dynanuc viscodastic characteristic is a 
diaracteristic of deformation depmdcavy varying according to strain. For exan^le. 
in the step strain measurement of a viscoelastic characteristic at ISO^C as shown in Fig. 
1, in the toner in Example 3 described later, stor^ modulus G' dyn/cm^ and loss 
modulus dyn/cm^ show respectively the behaviors of linear & (LI) dyn/cm^ and 
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(y (Ll) 6yo/ca? until 300 sec after starting the measurement, and in die next period of 
fiom 300 sec to 600 sec, storage modulus 6' <^an' and loss modulus CP* ^n/cnr' 
show respectively the behaviors of nonlinear G' (ML) dyn/rai* and G** (NL) dyn/cm^ 
with the increase of the amount of strain, and in the next period of from 600 sec to 900 
sec, storage modulus G' dyn/ax? and loss modulus G** dyn/cm^ show respectively the 
behaviors of linear G' 0^2) dyn/ca? and G^ (L2) dyn/cm^ by making the strain amount 
the same with fhe strain amount L 1 . 

In step strain measurement of from a linear r^on to a nonlinear region of 
viscoelastic characteristics, the binder re^ of the toner of the invention is prq>ared so 
that the storage modulus (G' (Ll)) in a Imear r^on and the storage moduhis (G' (NL)) 
in a nonlinear region at 1 80^C satisfy the relationship: 

G' (Ll)/G* (NL) is from 5 to 20, and 

G' (NL) is from 1 00 to 400 dyn/cm^. 

In the ton^ of the invention having such a constitution, a linear r^on and a 
nonlinear region of dynamic viscodastic diaracteristics of the strain dependency of the 
toner are effectively utilized in fixation by heating, thus a toner more conformable to 
actual behavior oftoner can be (Obtained. 

[0013] 

In that case, when G' (NL) is in the range of from 100 to 400 dyn/cm^ and the 
ratio G' ^l)/0' (NL) is less than S, the elasticity becomes too low and there arises a 
problem in offset resistance. While when G' Q^) is in the range of fiom 1 00 to 400 
dyn/cm^ and the ratio G* (Ll)/G' (NL) is more than 20, the elasticity becomes too high 
and there arises a problem in low temperature fixing ability. 

Therefore, according to the toner of the inv^on, the melting of the toner in 
fbdng nip is performed smoothly and it becomes possible to effectively improve low 
temperature fixinig ability and ofi&et resistance of the toner 
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[0014] 

In particular, when the content of a release agent i$ more than 4 parts by 
weight per 100 parts by wei^t of the binder resin, transparency is hfaidercd, so that 
transparency can be improved by setting the content of a release agent at 4 parts by 
wdght or less per 100 parts by weight of the binder reaua. 

[0015] 

As the binder rei^ which are used m the invention and capable of controlling 
visGodastic characteristics m a fixing region, binder resins ha^ong both a crystalline 
r^on and an amorphous r^on are preferably used, e.g., resins having a urethane 
bond and a urea bond, re^ comprising the bloid of a ciystalline polyester re^ and 
an amorphous polyester rean, and polyester resins conqnising a blodc copolymer of a 
crystalline part and an amorphous part, are e?i:emplified. Amorphous polyester and 
block polyester are particular)^ preferably used as the binder re^. 

[0016] 

\^scoelastici1y can also be controlled with the compositions which are 
designed so that a polymerization of a binder resin in the toner progresses when heat 
enei^gy is ^en in the range of fixing temperature, and the bmder re^ is crosslinked 
and the molecular weight increases by previously controlling the polymerizatioh of the 
bhider re^ in conjunction with blending a polymmzation initiator and/or a 
crosslinking initiator which exhibit their fimctions when heat eneigy hi^er than the 
prescribed quantity is given at fixing time. 

[0017] 

The binder resin for use in the toner of the invention comprises a polymer, and 
a polymer genially has a prop^ty of showing viscoelastic characteristics m a moken 
state of a toner. When a certain strain is given, the stress of the toner is relaxed with 
the time t [sec] in the ^ess relaxation measurement described later, so that the 
relaxation modulus G (t) [Pa], whidi is one of viscoelastic characteristics, shows a 
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prop^ of lessening with the reldxation time t [sec]. 
[0018] 

The toner of the invention is particulariy described below with bind^ resins 
using well-known polyester resins as a binder resin in a toner having above-described 
viscoelasticity as an example. 

The toner of the c»Kuiq>le comprises toner particles comprising a polyester 
resin containing a colorant and a charge controlling agent kneaded and pulverized. 
And the binder resin has functions of retainmg colorant particles in toner particles, 
being softmed by the heat and pressure of fixing rollers in fixation, and adhering the 
toner paitides to a transfer material. e.g., paper However, when the molecular 
wdg^ of the bmder resm is lowo-ed and the softening temperature is lowered for the 
purpose of low temperature fixation, the reductions of gjass transition temperature, 
strength, the retention of colorant, o&et resistance^ tfie strength of fixed images, and 
the storage stability are brought about 

[0019] 

[Constitutional components of ton^] 

The tonier of the mvention can be manufactured wi^ 
least a resin as the main conq>onent (horemafler sometmies rdbrred to as madiy % 
resinT). 

Each component of the materials for use in manu&cturing the toner of the 
invention is described below. 
[0020] 

1. Re^ (lender resin) 

The resins (binder resins) in the invention mainly comprise polyester resins. 
The content of polyester resins in the resins is preferably SO wt.% or more, and more 
preferably 80 wt.% or more. 
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Id gweral, polyester resins cotmt of an alcohol component Cmdudmg those 
having 2 or more bydro^c^l groups) and a caiboxylic add con^onent (induding 
divalent or higher carboxylic adds and derivatives thereoQ. 

[0021] 

As the alcohol components, those having 2 or mote hydroxyl groups can be 
used, sudi as chain diols, e.g., ethylme glycol, 1,3-propanediol, I,2-propyl6ne glycol, 
1,3-propyIcne glycol, 1,4-butancdiol, diethylene glycol, 1,5-pentanediol, 1,6- 
hexancdiol, dipropylene glycol, triethylene glycol, tetraethylene glycol, 1,2- 
propanediol, 1,3-butanediol, 2,3-butanediol, neopent^ glycol(2,2-dimetlQdpropane- 
I,3Tdiol), 1,2-hexanediol, 2,5-herane-diol, 2-methyl-2,4-pentanediol, 3-methji-l,3- 
pentanediol, 2-ethyH,3-he?canediol, 2^utyl-2-ethyl-l,3-propanediol, 2,4HliethyH,5- 
pentanediol, polyethylene glycol, polypropjiene glycol, and polytetramethylene glycol, 
(^dic diols, such as aUcylene oxide adducts of bisphenol A, e,g., 
polyoxyprop^ene(2.2)-2,2-bis(4-hydroxypheivl)-propane, pofy07qi)ropylcne(3.3>'2,2- 
bis(4-hydroxy-phen3d)propane, polyoxyeth^ene(2.0)-2,2-bis(4-hydroxy- 
phenyl)propane, polyo}cyprop)dene^2.0)-po]yo>qr-ethylene(2.0)-2,2-bis(4-^ 
hydroxjrphenyOpropane, and polyoxyprop3rtene(6>2,2-bi5(4-hydroxyphenyl)propane, 
2,2-bis(4-hydffo?^cyclphex^)propane, alkyloie oxide addiids 6 
faydroxycyclohexyl)propane, 1,4-cydohexanediol, l,4-<:yclohexaiMdimethanoI, 
hydrogenated bi^henol A, and alkylene oxide adducts of hydrogenated bisphenol A, 
and trivalent or higher polyfaydric alcohols^ e.g., sorbitol, 1,2,3,6-hcxanetetrol, 1,4- 
sorbitan, pentaerythritol, dipentaerythritol, tripentaerythritol, 1,2,4-butan^ol, 1,2,5- 
pentanetriol, glycerol, 2-methylpropanetriol, 2-metliyl-l,2,4-butanetriol, 
trimetlQrlolethane, tdmetbylolpropane, and l,3,S-trifaydroxymethylbenzene are 
exemplified. 

[0022] 

The alcohol components mainly comprising aliphatic diols having two 
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hydro^l groups are particularly used in the inventioa. Further, the alcohol 
components may comprise aliphatic alcohols having three or more hydroxyl groups. 

As tiie afiphadc alcohols having two or more hydroxy! groups, such a$ chain 
diols, e.g., ethylene jglycol, 1,3-propanediol, 1,2-propylene gfycol, 1,3-propylene 
glycol, 1,4-butanediol, diethylene glycol, l»S*pentanedioI, 1,6-hexanediol, dipropylene 
glycol, tri^ylene ^ycol, tetraeth^rae glycol, 1,2-propanediol, 1,3-butanediol, 2,3- 
butanediol, neop^i^ glycol(2,2-dimethylpropane-l,3-diolX l,2-he3ranediol, 2,5- 
hfixanediol, 2-methyl-2,4-pentanediol, 3-ractlQrl-l,3-pentanedioI, 2-ethyH,3- 
hexanediol, 2*-butyI-2-6thyl-l,3-propanediol, 2,4-dietfayi-l,S-pentanediol, poly^lene 
glycol, polypropylene glycol, and polytetrametfa>iene glycol, and cyclic diols, 6.g., 2,2- 
bis(4-hydroxycydohexyl)propane, alkylene oxide adducts of 2,2-bis(4- 
hydroxycyclohexyl)-propane, 1,4-cyclohexanediol, l,4-(^dlohe?canedmiethanol, 
hydrogenated bisphenol A, and alkylene oxide adducts of hydrogenated bisph^l A 
are exemplified. 

Thus, in the invmtion, the alcohol component nuunly comprises aliphatic diol, 
preferably SO mol% or more of aliphatic diol, and more preferably SO mol% or more of 
aliphatic diol. 

[0023] * 

As the caiboxylic acid conqK>n»its, e.g., divalent or Mgher caibox^c acids, 
and derivatives thereof (e.g., add anhydrides and lower aOcyl esters) can be used, e.g., 
o-phthalic add (phthalic add), terephthalic add, isophthalic acid, succinic add, adipic 
add, sebadc add, azdaic add, octylsucdnic add, qrclohexanedicarbo;^c add, 
fumaric add, maldc add, itaconic acid, trimellitic add pyiomellitic add and 
derivatives of these adds (e.g,, anhydrides and lower allgd esters) are exemplified. 
[0024] 

Fuithennore, in the invention, it is particularly preferred that the carbo^lic 
add componrat comprise divalent dicarboxylic add. 

11 



08- 3-14; 7:57PM;NGB1l?Fai 



SUGHRUE(I) ;0365813964 



# 18/126 



The examples of divalent caiboxylic adds include e.g., o-phthalic acid 
(phthalic acidX terephthalic add, isopbthalic add, sucdnic add, adipic add, sebadc 
add, azelaic add, octylsucdnic add, cydohexanedicarboxylic add, fiunaric add, 
maldc add, itaconic add, and derivatives of these adds (e.g., anhydrides and lower 
alky] esters). 

[0025] 

Further, in the invention, it is particularly preferred to use polyester resins 
containing block polyesters and amorphous polyesters as described later. These 
polyester re^ are described in detail below. 

[0026] 

1 -1 . Blodc polyester 

Block polyester comprises a blodc copolymer having a crystalline block 
obtained by condensation of an alcohol component and a carboxylic add component, 
and an amorphous block that is lower m crystaOinity than the ofystalline block. 

[0027] 

(1) Crystalline blodc 

As compared with amorphous blocks or amorphous polyesters, crystalline . 
blocks are hi^ in crystallinity. That is, the structure of molecular arrangement of 
crystalline blocks is strong and stable as compared with those of amorphous blocks or 
amorphous polyesters. Therefore, ciystalline blocks contribute to the devation of the 
strength of a toner as a whole. As a result, the toner finally obtained is stroqg m 
mechanical stresses and ^cellent in durability and storage stability. 

Inddentally, highly ciystalline resins gmeralt/ have a so-called sharp mdt 
property as compared with low crystalline resins. That is. Uglily crystalline re^ 
have a property of «hibiting a sharp figure of mdothermic peak as compared with low 
crystalline resins when subjected to the measurement of endothermic peak of mdting 
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tempoature by differential scanning calorimetry (DSC). 
[0028] 

On the other hand, as described above, oystaQine blocks are high in 
crystalMty. Thus oystallino blocks have a fimctioii of impaxting a sharp melt 
property to block pot/esters. Therefore, the toner finally obtained can maintain 
excellent stability in figure at relatively high temperature (the temperature near the 
mehbg temperature of the blodc potyester) at which the amorphous polyester 
desoibed lat^ is suflSciently softened. Accordingly, when these block polyesters are 
used, a sufiSdent fi^g ability (fixing strength) can be obtained in a broad temperature 
range. 

Further, crystals having high hardness and appropriate sizes can be 
predpitated in a toner by the presence of th$se ciystalline blocks. Due to such 
ay$tals, the stability of the figure of a toner becomes excellmt^ in particular stable to 
mechanical stresses. In addition, by the presence of these crystals in a toner, extmial 
additives^ which are described later, can be surely retained around the surfitces of toner 
particles (mother paitides) (external additives can be effectively prevented fi'om bdng 
buried m mother particles), so that the fimctions of external additives (fiinctions of 
imparting e.g., excellent flowabiUty and dectrification property) can be suffidmtly 
exhibited. 

[0029] 

Hereinafter, the constitutional components of crystallme blodcs are described 

bdow. 

As the alcohol components constituting crystalline blocks, those having two or 
more hydroxy! groups can be used, preferably diol components having two hydroxyl 
groups. As such diol components having two hydroxyl groups^ aromatic diols having 
an aromatic cyclic structure and alq>hatic diols not having an aromatic oydic structure 
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are exemplified. As fbe aromatic diols, e.g., bisphenol A and alkylene oxide adducts 
of bisphenol A (e.g., polyoxy-pn)p^ene(2,2)-2,2-bis(4-hydroxypheiqrl)propan 
polyoxypropylene(3,3)-2,2-'bis(4-hydroxyphenyl)propane,p^^ 
bis(4-hydn>xyphenyl)propaiie, polyoxypropyleDe(2,0)-poIyo?^ethylene(2.0)-2,2-bis(4- 
hydro;^henyl)propane, and poIya:^propyiene(6)-2,2-bis(4-hydroxyph^Q^propane^ 
are exmiplified. As fhe afiphatic cUoI^ such as chain diols, e.g., ethylene gtycol, 1,3- 
propanediol, l,2.propylene glycol, 1,3-propylene glycol, l,4-bu1:anediol, diethylene 
glycol, l,S-pentane-diol, l,6-h6>i:anedioI, dipropylene gfycol, triethylene glycol, 
tetraethylme glycol, l^Z-propanediol, 1,3-butanediol, 2,3-biitanediol, neopemyl 
g^ycol(2,2-dimethylpropane-l,3-diolX 1^-hexanedioU 2,5-hexane-diol, 2-methyl*2,4- 
pentanediol, 3-inethyl-l,3»pentanediol, 2^«|]q4-l,3-hexanediol, 2-buts4-2-ethyl-l,3- 
propanediol, 2,4-dietfayI*l,S-pentanediol, polyethylene glycol, polypropylene glycol, 
and polytetramethylene glycol, and cyclic diols» e.g.» 2,2-bis(4- 
hydro;7cydohe?^)propane, all^^e oxide adducts of 2^-bis(4-faydroxycyclohe77l)- 
propane, 1,4-cyclohexanediol, l»4H7clohexanedimethanoI,lQrdrogenated bisphenol A, 
and sikyl&ie oxide adducts of faydr<^enated bisphenol A, are exemplified. 
[0030] 

As described above, the diol components constituting crystalline blocks are 
not particulariy restricted, but preferably at least a part of the diol componrats is 
aliphatic diol, more preferably aliphatic diol having SO mol% or more of the diol 
compon^ts, and still more preferably aliphatic diol ha^g 90 moI% or more. By 
this constitution^ the ciystallinity of Uock polyestm (crystalline block) can be 
heightened and the above effects can fiuther be elevated. 

[00311 

Further, the diol components constituting a crystalline block preferably have a 
straight chain molecular structure having from 3 to 7 carbon atoms, and diol 
components having hydroxyl groups at both termimds (diol represented by the 
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fomuila; H0-(C)2Ho-0H (provided that n is fit>m 3 to 7)). Since dystalUnity 
increases and friction coefBcient lowers by containing these diol conq>onents, the 
resisting properties against mechanical stresses are improved and excellent durability 
and storage stability can be obtained. The ^camples of such diols indude, e.g., 1,3- 
propanediol» 1,4-butanediol, I,S-pentanediol and l»6-hexanedioL Of tihiese diols^ 1,4- 
butane^ol is preferred. By containing l,4-butan6diol, the above efifects become 
particularly conspicuous. 
[0032] 

When l»4-butanediol is contained as the diol con^onent constituting a 
ciystalfine block, it is mone preferred that the diol constituting a crystalline block has 
SO mol% or more of 1 j4-butanediol, and still more preferred that the diol constituting a 
oystalline block has SO mol% or more of 1,4-butanediol. By this constitution^ the 
above efifects become finther con^icuous. 

[0033] 

As the carboxylic add components constituting a crystalline block, dtvaient or 
higher caiboxylic adds and derivatives thereof (e.g., add anhydrides and lower aOcyl 
esters) can be used. Of those cari>o>cylic add components, divalent dicaibo^qiic adds 
and dierivatives'thereofarepr^rabl^ used. The e?auiq)les of dicari>oxylic adds 
inchide, e.g., o-phtiialic add (pfathafic add), terephthalic add» isophthalic add, 
succinic add, adipic add, sd^adc add, azelaic add, octylsucdnic add, 
cydohexanedicarboxylic add, fumaric add, maldc add, itaconic add, and derivatives 
of these adds (e.g., anhydrides and lower alkyl esters). 

[0034J 

The dicarboxylic add components constitutii^ a crystalline block are not 
particularly restricted, but it is preferred that the dicarboxylic add con^onents at least 
partially have a terephthalic add skeleton, more preferably 50 mol% or more of the 
dicarboT^c add components have a tereplrthalic add skdeton, and still more 
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preferably 80 moI% or more of the dicarboxylio acid components have a t^hthalic 
add skeleton. By this constitution, the toner finally obtained con^s to be a toner wen 
balanced in various dbonicteristics required of the toner 
[0035] 

The content of the crystalline block in block poi^ester is not particular^ 
restricted, but the content is preferably fiom 5 to 60 moI%, and more preferably firom 
10 to 40 mol%. When the content of the crystalline block is less than the lower limit, 
there is the possibility that the effect by containmg the oystalline block cannot be 
sufficiently eriiibited according to the contrat of the blodc polyester. On the other 
hand, \^en the content of the caystalline block is higher than the upper limit, there is 
the possibility that the con^>atibility of block polyester and the amorphous polyest^ 
descaibed later lowers^ ance the content of the amoiphous block relatively lowm. 

In addition, ciystalline block may contain components other than the above 
alcohol components and carboxjdic acid components. 

[0036] 

The average molecular wei^ (wdght average molecular Mw) of the 

block polyester containing the crystalline block described aboveiis Jiot paiticulady. • . . 
Bmited, but it is prefwably fi-om 1x10^ to 3x10^, and more preferably fi-om 1 .2x10"* to 
L5xl 0^. When the average molecular wagfit, Mw, is less than the lower Umit, there 
is the possibility that the mechanical strength of the finals-obtained ton^ lowers and 
sufficient durability (storage stalnlity) cannot be obtained. Wh» the avmge 
molecular weight Mw is too small, cohesive failure is liable to occur in the fixing of 
the toner, and the ofiset resistance tends to lessen. While when the average molecular 
weight Mw exceeds the upper limit, interciystallme cradc is liable to occur in the 
fixii^ of the toner, and the wettability to a transfer material (a recording medium), e.g., 
paper, lowers^ as a result the quantity of heat leqmred in fix^^g increases. 
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[0037] 

Hie glass transition temperature Tg of blodc polyester is not particularly 
restricted, but it is preferably from 50 to 75**C, and more preferably from 55 to TCC. 
When the glass transition temperature is loss than the lower limit, the storage stability 
(heat resistance) of the toner decreases, and there are cases where fusing occurs among 
toner particles accordii^ to the use environment. On the other hand, when the glass 
trani^tion tempo^ture e)cceed$ the upper limit, low temperature fixing ability and 
transparency decrease. Vfhem the glass transition temperature is too high, there is the 
posfflbility that the effect of the thermal treatment of sphere-makii^ as described later 
camiot be $u£5d^y eshibited. Glass transition tenqperature can be measured in 
accordance with JIS K 7121. 

[0038] 

The softening tmperature of block polyester is not particularly restricted, 
but it is preferably from 90 to 160^C, and more preferably fix>m 100 to 150°C. When 
the softening temperature is less than the lower limit, the storage stability of the toner 
lowers and there is the possibility that suffident durability cannot be obtained. When 
the softening temperature is too low, cohesive Mure is liable to occur in the fixing of 
the toiler; ao^ tends to lessi^; While when the^soB^ing ' 

tenq>erature escceeds the upper limits interoystalHne crack is liable to occur in the 
fixing of the toner, and the wettability to a transfer material (a recording medium), e.g., 
paper, lowers, as a result the quantity of heat required in fixing increases. The 
softening temperature T^ can be found as the temp^'ature of the point on the flow 
curve corresponding to h/2 of the flow chart ft>r analyses which can be obtained by 
measuring by using a fiow tester on conditions ofa sample amount of 1 g, pitofthe<tie 
of 1 nun, l^gth of the die of 1 nmi, load of 20 kgf; preheating time of 300 seconds, 
temperature at starting of measurement of 50^C, and velocity of temp^ture-up of 
S^C/min. 
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[0039] 

The melting temperature Tm of block polyester (the central value of the 
peaks in the measurraient of the endothennic peak of melting temperature by 
difierential scanning calorimetzy as described later) is not particular^ restricted, but it 
is preferably or more, and more pr^ably from 190 to 230^C. When the 
melting temperature is less than 190°C, thm is the possiUfity that the ^fect of 
improving ofi&et resistance cannot be sufficiently obtained. WMle ^en the melting 
temperature is too high, it is required to increase the temp^ture of mat^ials in the 
kneadixig process as described later. As a resuU, the ester exchange reaction of rean 
materials is liable to progress, and there are cases vfh^e the design of resin is difficult 
to be sufficiently reflected in the toner finally obtamed. Mel&ig tenq>efature can be 
obtained, ag.» by the measurement of endothennic peak by dififerential scanning 
calorimetry (DSC). 

[0040] 

When the toner finally obtained is used in a fixiiig unit having a £bdiig roller 
as described later, it is preferred to satisfy the relationship of < Tm (B) < (Tjf« + 
100), more preferably to satisfy the rdationship (Tfc + 10) ^ OB) < (Tfe + 70), 
with the mating traiperature of blodc; polyester (the central value Tm of the'peaks in 
the measuremmt of the endothennic peak of melting temperature by differential 
scanning calorimetiy as described later) as Tm (B) ["^C], and the standard set sui&ce 
temperature of the fixing roller as T^ f'C]. By satisfying the relationship, the 
adhesion of the toner to the fixmg roller of the fixing unit described later can be 
effectively prevented. Further, since block polyester has a prop^ of making ciystal 
of a proper size easily as described above, stability and durability can be mamtained 
after fixation of the toner on a recording medttum by satisfying the above relationship. 
Particularly when block polyester is used in combination vnHh the amorphous polyester 
described later, the amoiphous polyester can be sufficiently softened at fixing time. 
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Accordiflgly, the fixing ability (fixing strength) of the toner on a recording mediutn can 
be satis&ctorily elevated and the low t«aq)eratiire £bdng al^lity of the toner can be 
excelled. In ad^tion, since block polyester is liable to form crystals having high 
hardness, the obtained toner is excellent in the stability after fixation. 
[0041] 

It is preferred that the noting temperature of block polyester be hig^^ than 
the softening temperature of the later-de^bed amotphous polyester. By this 
constitution, the toner finally obtained is improved in the stability of configuration and 
shows particularly excellent stability against medianical stresses. Further, ^Anexi the 
melting temperature of block polyester is higher than the softening tempmture of the 
later-described amorphous polyester, e,g., in the thenmd treatment of sphere-making as 
described later^ the amorphous polyester can be thoroughly softened while ensuring the 
stability of configuration of the powd^ for manufacturing the toner in a cotain 
degree by the block polyester As a result, the thermal sphere-making treatment can 
be carried out effidently, and the degree of drcularity of the toner (tono: particles) 
fina% obtsuned can be made relatively high. 

[0042] - 

~ j&iddf»ia^^ as described above, as block polyesters contain diyistallme blbdcs 
having high oystallinity, they have a so-called sharp meh property as compared with 
relatively low c^stalline resins (e.g., the later-described amorphous polyesters and the 
like). 

As the ind«L showing ciystalMty, e.g., with the central value of the peak as 
Imp rC] and the shoulder peak vahie as Tins f^] m the measurement of endothermic 
peak of melting temperature by difierential scanning calorimetiy (DSC), the AT vakie 
represented by AT - T^p - Ta» is exemplified. The smaller the AT value, the higher is 
fhe crystallinity. 
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[0043] 

The AT value of blodc polyester is preferably 50^! or less, and more 
preferably 20^C or less. The measuring conditions of T„,p [^C] and [^C] are not 
especially restricted, but the measurement is elBfected by increasiAg the temperature of 
the sample block polyester to 200T at a temperature-up velocity of lOX/min, 
lowering the tenq)erature at a tra^erature-down vdodty of IC'C/min, and again at a 
temperature-up vdodty of lO^'C/min. 

[0044] 

Further, block pofyesters are hi^er in crystallinity than the amorphous 
polyesters described later. Accordingly, the rdation^ ATa > ATb is satisfied, when 
the AT value of amorphous polyester as ATa [T] and the AT value of block polyester 
as ATb [^C] In particular in the invention, it is preferred the relationship ATa - ATb> 
10 be satisfied, and it is more preferred that the relationship ATa - ATb> 30 be 
satisfied. By satisfying the rdationship, the above-desc^bed effects become fiirther 
con^cuous. However, vAien the crystallinity of amorphous polyester is particulariy 
low, th^e is the case where at least dth^ Tnip or Tub; is difficult to measure 
(discrimination is difficult). In sudi a case, ATa is taken as oQ [X]. 

[0045] : 

The heat of fu^on Er of blodc polyesta* obtained in the measur^ent of 
radoth^mic peak of melting temperature by differential scaiming calorimetiy is 
preferably 5 mJ/mg or more, and more pr^rably 15 mJ/mg or more. When the heat 
of fiision Ef is less than 5 mJ/mg, there is the possibility that the above effects due to 
having crystalline block cannot be sufficiently exhibited. However, the heat of fu^on 
does not include the quantity of heat of endothermic peak of glass transition 
temperature. The measuring conditions of the endothermic peak of the heat of fUsaon 
are not especially restricted. The heat of fusion can be found as the value measured 
by, e.g,, inonea^ the tenq)erature of the sample block polyest^ to 200X at a 
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t^peraturo-iq> velodty of KTC/min, lowering the temperature at a twiperature-down 
velodty of lOX/mm, and again at a temperatui^up vdocity of lOX/imn. 
[0046] 

Further, block polyesters are preferably linear type polymers (polymers not 
having a crosslinked structure). linear type polymers have a small fiiction 
coefficient as compared with crosslinked polym^. Due to a small fiiction 
coefficient^ excellent lubricating property can be obtained and the transfer efficiency of 
the toner obtained is further inq)roved. 

Block polyesto^ may have blocks oth^ than the aforem^oned crystalline 
blocks and amorphous blocks. 

[0047] 

1-2. Amorphous polyester 

Amorphous polyesters are lower in crystalUmty than the crystalline blocks as 
described above. 

Amorphous polyester is a component that mainly contributes to the 
unprovement of the dispersiUfity (e.g., dispersibility of colorants, rdease agents^ 
electrification iiihibitors and the like), the p^ 

manu&cturing a toner, fixing ability of a toner (m particular, low temperature fixing 
ability), transparency, mechanical characteristics (e.g., elasticity, mechanical strength 
and the like), electrification property, and moisture resistance of eadi component 
constituting a toner. In oth^ words, wfadi amorphous polyesters described later are 
not contained in a toner, there are cases where characterisdcs required of the toner as 
enumerated above are difficult to be sufficiently shown. 
[0048] 

Hereinaft^, the constitutional components of amorphous polyester are 
described below. 
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As the alcohol components constitutiqg amorphous polyesters^ those haviog 
two or more faydroxyl groups can be used^ preferably diols having two hydroxyl groups. 
As such diol components having two hydroxyl groups^ aromatic diols having an 
aromatic cyclic structure and aliphatic diols not having an aromatic cyclic structure are 
exemplified. As the aromatic diols, e.g., bisphenol A and alkylme oxide adducts of 
bi^henol A are exenq)lified. As the aliphatic diols^ such as diain diols, e.g., ethylene 
glycol, 1,3-propanediol, l,2^ropjdene gfycol, 1,3-propylene ^col, 1,4-butanediol, 
diethylene glycol, l,S-pManedioI, 1,6-hexanediol, dipropylene glycol, triethylene 
glycol, tetraethylene ^ool, l,2-propanediol» 1,3-butanediol, 2,3-butanediol, neopentyl 
glycol(2,2-dimethylpropane-l,3-diol), 1,2-hexanediol, 2,5-hexaiie-diol, 2-methyl-2,4- 
pentanediol. 3-methyl-l,3-pentanediol, 2-ethyl-l,3-hexanediol, 2-butyl-2-ethyi-l,3- 
propanediol, 2,4-diethyl-l,5-pentanediol, polyethylene glycol, polypropylene glycol, 
and polytetramethylene glycol, and cyclic diols, e,g„ 2,2-bis(4- 
hydro?^<7dohex^)propane, allgdene oxide adducts of 2,2-bis(4-hydro?7cydohexyl> 
propane, l,4-<7clohexanediol, 1,4-cyclohexBnedimethanol, hydrogenated bisphenol A, 
and alkylene oxide adducts of hydrogenated bisphenol A» are exemplified 

[0049] 

As the caiboTqdic add components constituting amorphous polyester, divalezit 
or higher caiboxylic adds and derivatives thereof (e.g., add anhydrides and lower 
alkyl esters) can be used, but divalent dicarbo9c/lic acids and derivatives thereof are 
preferably used. The exanqples of dicarbox)Ac adds include, e.g., o-phthalic add 
^hthalic add), t^ephthaUc acid, isophthalic acid, succinic add, adipic add, sebadc 
add, azelaic add, octylsucdnic add, <^dohexanedicaiboxylic add, fbmaric acid, 
maldc add, itaconic add, and derivatives of these adds (e.g., anhydrides and lower 
alkyl esters). 

[0050] 

As described above, the dicarboTgiic add components constituting amorphous 
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polyester are not particulaily restricted, but it is preferred that the dicaibox^c acid 
conq^onents at least paitially have a ter^hthalic add skdeton, more preferably 80 
mol% or more of the dicarboxylic acid components have a terephAalic add skeleton, 
and still more preferably 90 mol% or more of the dicarbOTcylic add components have a 
terephthalic add skdeton. By this constitutioii, the toner finally obtained comes to be 
a toner well balanced in various diaracteristics required of the toner . 
[0051] 

Furtfaennore^ it is preferred that 50 moI% or more (more preferably 80 mol% 
or more) of the monomer conqponmts constituting amorphous polyester be the same 
monomer components constituting amorphous block. That is, amorphous polyester 
and amorphous blode are preferably composed of the same monomer componaits. 
The compatibility of block polyester and amorphous polyester becomes particularly 
exodlent by tiiis constitution. The term "Monomer conq>onents'' used hert does not 
mean the monomers used in the manu&cture of block polyester and amorphous 
polyester, but means monomer conqionaits contained in block polyester and 
amorphous polyester 

In addition, amorphous polyester may contain components other thart the . ... 
above diol components and dicaitoxylic add components. 

[0052] 

The average molecular weight Mw (weight average molecular wd^) of 
amorphous polyesters is not particularly limited, but it is preferably from 5x10^ to 
4x10^ and more preferably from 8x10^ to 2.5x1 0^ When the average molecular 
wdgjit Mw is less than the lower Umit, there is the possibility that the medianical 
strength of the finally-obtained toner lowers and suffident durability (storage stability) 
caimot be obtained. When the average molecular wdght Mw is too small, cohesive 
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fi3ure is liable to ocoir in the fixing of tbe toner, and the ofiket resistance tends to 
lessen. While when the avmge molecular wdght Mw exceeds the upper limit, 
interciystalline crack is liable to occur in the fixing of the toner, and the wettability to a 
transfer material (a recording medhmi), e.g.» pqier, lowers, as a result the quantity of 
heat required in fixing increases. 

The glass transition temperature Tg of amorphous polyester is not particularly 
restricted, but it is preferably fiom 50 to 75^C, and more preferably fiom 55 to TO'^C. 
When the glass transition temperature is less than the lower limit, the storage stability 
(heat resistance) of the toner deoreases^ and th^e are cases v^ere fiising occurs among 
toner particles according to the use environment On the other hand, whra the g^s 
transition temperature ^ceeds the upper limit, low temp^ature fixing ability and 
transparent^ decrease. When the ^ass transhion ten^erature is too high, there is the 
possiUlhy that the effect of the thermal treatment of sphore-maldng as described later 
cannot be suffidentfy exhibited, (^ss transition t^nperature can be measured in 
accordance with JIS R 7121. 

[0053] 

The S9fifidng:te^^ of amorphous.polyester Tk is not particulaijy 

restricted, but it is preferably fix>m 90 to 160^C, more preferably fi^om 100 to 150^C, 
and still more preferably fi-om 100 to ISO'^C. When the softening temperature is less 
than the lower limit, the storage stability of the toner lowers and there is the possibility 
thai sufiBdent durability cannot be obtmned. When the softening teixq)eraiure is too 
low, cohesive feihire is liable to occur in the fixing of the ton^, and the ofl^t 
resistance tends to lessen. While when tiie sofiiening temperature exceeds the upper 
limit, intercrystalline crack is liable to occur in the fixing of the toner, and the 
wettability to a transfer material (a recordmg medium), e.g., papor, lowers^ as a result 
the quantity of heat required in fixing increases. 
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[0054] 

Fuithennore, taking the softening temperature of amorphous polyester as 
(A) [®C], and the melting temperature of the block polyester as Tm (B), it is preferred 
that the relationship (B) > (Tv& (A) + 60) be satisfied, and it is more preferred the 
relationship (Tv4(A) + 60) < T„ (B) < (JvsiA) + 150) be satisfied. By satisfying the 
relationslup, the amorphous polyester can be thoroughly softened wbSle ensuring the 
stability of configuration of the toner powder in a certain degree by the block polyest^ 
at relatively high temperature. As a result, the viscosity of the toner particles can be 
made relatively low near the fixii^ teaq)erature of the toner and the stress rdaxation 
time of the toner can be proloiiged. Further, the thermal sphere-making treatment 
described later can be carried out effidently, and the degree of circularity of the toner 
(toner particles) finally obtained can be fiiTth^ improved by satisfying the above 
relationship. The toner can ediibit excellent fixing ability in a broad t^perature 
range hy satisfying the above rdationship. 

[0055] 

In addition, the softening temperature can be found as the temperature of 
the point on the flow curve corre^nding to h/2 of the flow chart for analysis which 
can be obtained by measuring by using a flow tester on conditions of a sample amount 
of 1 pit of the die of 1 mm, length of the die of 1 mm, load of 20 kgf> prdieating 
time of 300 seconds, temperature at starting of measurement of SO*^C, and velodty of 
temperature-up of 5*C/mia 

[0056] 

Further, amorphous polyesters are preferably linear type polymers polymers 
not having a oosslinked structure). linear type polymers have a small fiiction 
coefficient as compared with crosslinked polymers. Due to a small fiiction 
coefficient, excellent lubricating property can be obtained and the transfer effidem^ of 
the toner obtained is fimher improved. 
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[0057] 

As has been described, when block polyesters and amorphous polyesters are 
used in combination, the characteristics of blode polyesters as mentioned above and 
the characteristics of amorphous polyesters can be compatible, by which it becomes 
possible for the toner finally obtained to possess resistance against mechanical stresses 
(to have suffident pl^sical stability) and show satis&ctory fixing ability (fixing 
strength) in a broad traiperature range. 

[0058] 

The compounding ratio of block polyester and amorphous polyest^ is 
preferably fiom 5:95 to 45:55 by weight, and more prefaably from 10:90 to 30:70. 
When the compounding ratio of blodc polyester is too low» the synei]^tic effect as 
described above cannot be 5u£Bciently shown, and there is the possibility that the offset 
resistance of the toner cannot be improved sufficiently. On the other hand, when the 
conqpounding ratio of amorphous polyest^ is too low, the synergistic effect as 
described above cannot be suffident^ shown, and there is the posability that 
satis&ctory low temporature fixing ability and transparency cannot be obtained. 
Further, when the compoimding ratio of amorphous polyester is too low, there is the 
case where efficient aiid uniform pulverization is difficult in the pulverization process 
in the manu&cture of ton^r. 

[0059] 

Furth^, r^ns (binder resins) may contain components other than the 
aforementioned polyester re^jcis. 

As the resin components other than polyester resins (the third resin 
components), e.g., homopolymers or copolymers containing styrene or a styrene 
substitution product, e.g., polys^ene, poly-a-methylstyrene, chloropolystyrene, 
styrene-chlorostyroie copolymers, styrene-propylene copolymers, styiene-butadiene 
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copolymers, styrene-vinyl chloride copolymers, styreae-viiqrl acetate copolymers^ 
s^we-maldc acid oopolym^ styrene-accylic ester copolymers^ styrene-methacrylic 
ester copolymers, styrme-acr^ic ester-methacrylic ester copolyni^ styreneKX-methyl 
cWoroaciylate copolymers, styrene-aciylonitrile-acrylic ester copolymers, and styrene- 
vinyimethyl ether copolymers, ^oxy resins, iirethane-modified epoxy resim, silicone- 
modified epoxy resins, vinyl chloride resins, rosin-modified maldc add reans, phei^ 
resins, polyetfa^ene, polypropylene, ionomer resins, polyurethane resins, silicone 
resins, ketone resins, ethylene-ethyl acrylate copolym^s, xylene re^ns, polyvinyl 
butyral resins, terpene resins, phenol resins, aliphatic or alicyclic faydrocaibon resins 
are exenq>lified. These resins can be used dther individually or as a combination of 
two or more thereof 
[0060] 

The contrat of these resins in the materials is not especially restricted, but the 
content is prefmbly fi^om SO to 98 wt.%, and more preferably firom 85 to 97 wt.%. 
When the content of redns is less than the lower limit, there is the possibility that the 
functions of resins (e.g., good fixing ability in a broad tempmture nunge) cannot be 
sufladently shown. On the other hand, when the content of resins exceeds the upper 
liinit, the contents of the components other than resins, e.g., colorants, relatively lower, 
and it becomes ififlBcuh to sufficiently show the characteristics of toners, 6.g., coloring. 

[0061] 

As the colorants, pigments and dyes etc. can be used. The ^camples of 
pigments and dyes include, e.g., carbon black, spirit black, lamp black (C.I. No. 77266), 
magnetite, titanium black, chrome yellow, zinc chrome, cadmium yellow, mineral &st 
yellow, navd yellow, Ns^hthol YeQow S, Hbnsa Ydlow Q Permanent Yellow NCQ 
chrome yellow, benzidine ydlow, quinoline yellow, Tartrazme Lake, dirome orange, 
molybdenum orange, Permanent Orange GTR, Pyrazolone Orange, Benzidine Orange 
cadmium red. Permanent Red 4R,Watchung Red Calcium Salt, eosine lake. Brilliant 
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Carmine 3B, manganese violet, Fa$t \^olet B» Methyl Violet Lake, Prussian blue, 
cobalt blue, Alkali Blue Lake, ^^ctoria Blue Lake, Fast Sky Blue, Indanthrene Blue BC, 
ultramarine, aniline blue, Pbthalocyanine Blue, chalco-oil blue> chrome green, 
chromium oxide, Pigment Green B^ Malachite Green Lake, Pbthalocyanine Green, 
Final Ydlow Green Q Rhodamine 6Q quinacridone. Rose Bemgale (C.L 45432), C.L 
Direct Red, CL Direct Red 4, CI Add Red, C.L Basic Red, C.L Mordant Red 30, C.L 
Pigment Red 48:1, C.L Pigment Red 57:1, C.L Pigmoit Red 122, C.I. Pigment Red 
184, C.I. Direct Bhie 1, CJ. Direct Bhie 2, C.L Add Bhie 9, C.L Acid Blue 15, C.L 
Basic Blue 3, CJ. Basic Blue 5, C.L Mordant Blue 7, C.L Pigment Blue 15:1, C.L 
Pigment Bhie 15.3, CL Pigment Bhie 5:1, C.I Direct Green 6, CL Basic Green 4, CL 
Basic Green 6, CL Pigment Yellow 17, CL Pigment Yellow 93, CL Pigment Yellow 
97, CL Pigment Yellow 12, CL Pigment Yellow 180, CL Pigment YeUow 162, 
Nigrosine Dye (CL No. 5041 5B), metal complex dyes, metal oxides, e.g., aOica, 
aluminum oxide, magnetite, maghemite, various ferrites, cupric oxide, nidcd oxide, 
sdnc oxide, zirconhim oxide, titamum oxide, and magnesium oxidei, and magnetic 
materials containing magnetic metals^ e.g., Fe, Co or Ni. These pigments and dyes 
can be used alone or in combination of two or more. 

[0052] • • 

Since the binder re^s in the invention are great in inteimolecular bonding 
strength and highly crystalline polymers, the lowering breadth of Tg can be lessened 
when the molecule is deagned to lower Tm by lowering the molecular weight, 
therefore, low Tm and low Tg can be compatible. Furth^, the melt viscosity at 
nxnning pomt of 50% can be made from 2x10^ to 3x10^ Pa-s, thus, the toner of the 
invention is preferred for oil-less fi^dng. 

[0063] 

The wdght average molecular weight (Mw) of the binder resins of the 
invention is from 5,000 to 100,000, preferably from 6,000 to 70,000. Whra the 
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wei^ average molecular weight (Mw) is smaller than S,000» there arises a problem in 
hot offset resistance, since the interaal cohesive strength of die toner becomes too 
weak. While when the wei^ average molecular weight is greater than 100,000, the 
production and pulverization are deteriorated. 
[0064] 

The tonear of the invention has a softening temperature (Tm) of from 90 to 
ISO^C, preferably from 100 to 140'C, and more preferably from 1 00 to 130T. When 
the softetiiiig temp^ature (Tm) is lower than 90^C, there arises a problem in hot offset 
redstance* while when it is higher than ISO^C, fixing strength lowers. 

Furthermore^ the toner of the invention has a glass transition temperature (T^ 
of from 50 to 75^C, preferably from 55 to 70X. When the glass transition 
temperature (Tg) is lower than SS^C, heat storage statrility lowers^ and when it is higher 
than 75^C, there arises a problem in productivity, eg., pulverization. 

[0065] 

The ton^ of the invention may contain a charge controlling agent (CCA), and 
if necessary^ a release agent, a dispersant, and magnetic paitides. These compounds 
may be di^ersed in the starting material pol^ol^ ahemative]^ they m^-be arbhnmly ' - 
blended by kneading after fbmiii^ the resin. 

Charge controlling agents (CCA) are not particular^ restricted, and various 
kinds of organic and moiganic conqpounds can be used so long as they can give 
positive or negative charge by fiictional electrification. 

[0066] 

As the examples of positive diarge controlling agents^ e.g., Nigrosine Base EX 
(manu&ctured by Orient Chemical Industry Co., Ltd.), quaternary ammonium salt P- 
51 (manu&ctured by Orimt Chemical Ihdustty Co., Ltd.), I*figrosine Bontoron N-01 
(manu&ctured by Orient Ch»iiccd Industry Co., Ltd.), Sudan Chief Schwartz BB 
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(Solvent Black 3: Color Index 261S0X Fetschwartz HBN (C.L No. 26150), Brilliant 
Spirits Schwartz IN (mami&ctured by Farben Fabriken Bayer A.QX and Z^n 
Schwartz X (manu&ctured by Farberke Hoechst in addition, alko^cylated aniine, 
alkylamide^ and molybdic add chelate pigments are exemplified Of these 
compounds, quatOTaiy ammonmm salt P-Sl is preferably used. 
[0067] 

As the examples of negative charge controlling agents, e.g., Oil Blade (Color 
Index 26150), Oil Black BY (manufactured by Orient Chemical Industry Co., Ltd.), 
Bontoron S-22 (manu&ctured by Orient Chemical Industry Co., Ltd.), salicylic add 
metal complex E-81 (manu&ctured by Orient Chemical Industry Co., Ltd.), thioindigo 
series pigments^ sulfonylamine derivatives of copper phthalocyanine, Spiron Black 
TRH (manu&ctured by HODOGAYA CH04ICAL Co., Ltd.X Bontron S-34 
(manu&ctured by Orient Chemical Industry Co., Ltd), Nlgrosine SO (manu&ctured by 
Orient Chemical Industry Co., Ltd), Celesschwartz (R) G (manu&ctured by Farben 
Fabriken Bayer A-G), Chromogensdiwartz ETOO (C.L No. 14645), and Azo Oil 
Black ^) (manu&ctuied by National Aniline Co.) are ex»q)lified Of these 
compbuncls^ saiic^^^ . . 

These charge controlling agents can be used either individually or as a 
combmation of two or more thereoi^ and the addition amount of charge controlling 
agrats added to a bmder resin is from 0.001 to 5 parts by wdght per lOOpartsby 
wdght of the binder resin, preferably 0.001 to 3 parts by wdght. 

[0068] 

Further, the bmder resin which is used in the toner of the invention is excellent 
in heat mdt diaracteristics according to the molecular wdght range, and a release 
agent is not necessary according to the viscoelastic characteristics in the fixing 
temperature range, but when a rdease agent is used, the amount is 4 parts by weight (4 
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wt.%) or less p^- 1 00 parts by weight of the binder resin, and preferably from 0 to 3 
parts by wdght. 
[0069] 

The spedfic examples of release agents include parafBn waxes, polyolefin 
waxes, modified waxes having an aromatic group, hydrocaibon compounds havmg an 
alicyclic group, natural waxes^ long chain caiboxy&c adds having a long diain 
hydrocarbon chain having 12 or nK>re caibon atoms [CH3(CH2)u or CH3(CH2)i2 or 
higher aliphatic carbon chain], the esters th^eof, metal salts of fatty acid, fatty add 
amide and fitty add bisamide. Conq>ound$ having diflferent softening temperatures 
may be used as mbcture. The spedfic examples of paraffin waxes include paraffin 
waxes (manufactured by l^PON OIL COMPANY UMT^ paraffin waxes 
(manu&ctured by Nippon Seiro Co., Ltd.), micro-wax waxes (manu&ctured by 
NIPPON OO. COMPANY LIMTIEDX ndcro-ciystalline waxes (manu&ctured by 
Nippon Seiro Co., Ltd), hard paraffin waxes (manufactured by Nippon Seiro Co., Ltd), 
PE-130 (manufactured by Hoedist A^G), Mitsui I£-Wax 1 lOP (manufictured by 
Mitsui Petrochemical Industries, Ltd.)» Mitsui Hi-Wax 220P (manu&ctured by Mitsui 
Petro-chendcal Industries^ Ltd.)» Mitsui Hi-Wax 660P (manu&ctured by Mitsui 
"PetTO^oiiical Industries^ LtdX NBtsui Hi-Wax 210F (inanu&ctured by NfitsuT 
Petrochemical Industries, Ltd), Mitsui Hi-Wax 32QP Mitsui K-Wax 410P 
(manu&ctured by Mitsui Petrodiemical Industries, Ltd.), Mitsui Hi-Wax 420P 
(manu&ctured by Mitsui Petrochemical Industries, Ltd.), modified wax JC-1 141 
(manu&ctured by Mitsiu Petrochemical Industries, Ltd.), modified wax JC-2130 
(manufactured by Mitsui Petrochemical Industries, Ltd.), modified wax JC-4020 
(manu&ctured by Kfitsui Petrodiemical Industries^ Ltd.), modified wax JC-1 142 
(manu&ctured by Mitsui Petrochemical Industries, Ltd.), modified wax JC-5020 
(manu&ctured by Mtsui Petrochemical Industries, Ltd.), beeswax, camouba wax and 
montan wax. As fttty add metal salts;, zinc stearate, caldum stearate, magnesium 
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stearate^ 2anc deate, zinc palmitate, and magnesium palmitate are exemplified. 
[0070] 

As polyolefin waxes, e.g., low molecular weight polypropylene, low molecular 
weigjit polyetfayloie, oxidation type polypropylene and oxidation type polyetbyieae are 
acenq)Med. The spedficexan^lesofpolyolefin-based waxes include noo-^dation 
^e potyetl^ene waxes, e.g., Ifoedist Wkx PES20, Hoechst Wax PB130, Hoechst 
Wax PE190 (mattu£K:tured by Hoechst A.G), Mitsui m-Tfsx 200, Mitsui Hi-Wax 2 1 0, 
Mitsui H-Wax 210M. Mitsui Hi-Wax 220, Mitsui m-Wax 220M (manu&ctured by 
Mitsui Petrochemical Industries, Ltd.), and SANWAX 131-P, SANWAX 15I-P, 
SANWAX 161-P (manu&ctured by Sanyo Chemical Industries Co., Ltd.X oxidation 
type polyethylwie waxes, e.g. Hoechst Wax PED121, Hoedist Vfex PED153, Hoechst 
Wax PED521, Hoechst Wax PED522, Hoechst Wax Ceridust 3620, Hoechst Wax 
Ceridust VP130, Hoechst Wax Ceridust VP5905, Hoechst Wax Ceridust VP9615A. 
Hoechst Wax Coidust TM!961QF, Hoedist Wax Ceridust 371 5 (manufiu:tured by 
Hoedst A.G), Mitsui Hi-Wax 420M (manufictured by Mitsui Petrochemical 
Industries, Ltd.). and SANWAX £-300, SANWAX E-250P (manufectured by Sanyo 
Chemical Industries Co., Ltd.), non-oxidation type polypropylene waxes, e.g., Hoechst 
Wachs PP230 (inaini&c6ired by Hoechst AlQ), VlSCOi;330-P. VISCOL 550^1^ 
VISCOL 660-P, (manu&ctured by Sanyo Chemical Industries Co., Ltd.), and (Hddarion 
type polypropylene waxes, e.g., VISCOL TS-200 (manufictured by Sanyo Chemical 
Industries Co., Ltd.). These release agents can be used alone or in combination of 
two or more. As the release agent added accontiog to necessity, it is preferred to use 
a compound having a softening tenq>erature (a mdting tenqierature) of fix)m 40 to 
130^C, preferably &om 50 to 120<^C. A sofierang temperature is an endothermic main 
peak value on the DSC endothamic curve measured with "DSC120" (a product of 
S^o Instnmients Inc.). 

[0071] 
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The mother paitiQles of the ton^ of the invention can be obtained by kneading 
the above compositions, mdituig, then pulverizing the obtained product by finely 
grinding member and classifying. A flowability improver may be externally added to 
the con^ations for improving the flowability. 

Ofganic and inorganic fine particles can be used as the flowability improver. 
For instance, fluorine resin powders, e.g., vinylidene fluoride fine powders, 
polytetrafluoroetbylene fine powders^ aoiylate resin fine powders; &Wf add m^ salts^ 
e.g., zinc stearate, caldum siearate, lead stearate; metal oxides^ e,g., iron oxide, 
ahiminum oxide, titanium oxide^ zinc oxide; and suifiice-treated silica obtained by 
treating ^ca fine powders manu&ctured by a wet or diy manu&cturing process with a 
silane coupling agent» a titanium coupling agent or a silicone oil, are eTcemplified as 
flowabifity improve. These compounds are used either individually or as a 
combination of two or more thereof. 

[0072] 

Preferred flowability improve are fine powders manu&ctured by a vapor 
phase oxidation method of a silicon halogen compound, Le., so-called dry process 
sQica or fumed silica, which can be manufictured by v^ll-known method^/ for - - 
example, a method which utilizes heat deconq>o$ition oxidation reaction in 
osgrl^drogen flame of silicon tetradiloride gas, and fundamental reaction formula is as 
follows. 

SiCU + 2El2 + O2 Si02 + 4HC1 

[0073] 

Further, in this manufacturing process, it is also possible to obtain complex 
fine powders of silica with other metal oxides by using other metal halogen 
compounds, e.g., ahiminum chloride or titanhim cUoride, together with a silicon 
halogen compound, and these complex fine powders are also induded in the scope of 
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the invention. It i$ preferred for these silica fine powder$ to have an avmge primary 
particle size of fi:om 0.001 to 2 pm, particulariy preferably from 0,002 to 0.2 \uxl As 
commerdally available silica fine powders maxiufectured by a vapor phase oxidation 
method of a silicon halogen compound that axe used in the invration, the following 
commerdal products are exemplified. For instance, AEROSIL 130, AEROSIL 200, 
AEROSIL 300, AEROSIL 380, TT600, MOX170, MOX80. and COK84 
(mamifectured by Nippon Aerosil Co., Ltd), Ca-O-SiLM-5, MS-7, MS-75, HS-5 and 
EH-S (manufectured by CABOT Co.), Wacker HDK N20 V15, N20E, T30 and T40 
(manufiuitured by WACKER-CHEMIE GMBEQ, D-C Fme Silica (manufectuied by 
Dow Comiiig Co.), and Fransol (manufectured by Fransil Co.) are exmpUfied. 
[0074] 

It is more preferred to use the silica fine powders manufectured by a vapor 
phase oxidation method of a silicon halogen conqK>und subjected to 
hydrophobitization treatment. Of the hydrophobttization-treated silica fine powders, 
those treated so as to have a hydrophobxtization degree measured by a methanor 
titration test of fi-om 30 to 80 are particularly preferred. The hydrophobitization 
treatment is performed by (diemica% treating the silica fine powders with oig^ 
sdDcoh compounds that react whh the silica fine powders or plqrsically adsoibed onto 
the silica fine powders. A preferred method is treating the silica fine powders 
manufectured by a vapor phase oxidation method of a alicon halogra compound with 
an oiganic silicon conq)ound. 

[0075] 

The cTEamples of such organic ^con compounds inchide 
hexamethyldisilazane^ trimethyldlane, trimethylchlorosilane, trimethyletfaoxysilane, 
dimethyldichlorosiiane, methyltrichlorosilane, allyldimethyloblorosilane^ 
allylphenyldichlorosilane, benzyldimethylcMorosilane, 
bromometl^ldimethylchlorosilane, a-hloroetbyltrichloro^ane, 
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chloroethyltridilorosQane, ddoromethyldimethylchlorosilane. triorganosii^lm^cqrtan, 
tiimethylsilylmercaptaii, trioi]gano$ilyl aoylate, vinyl<£]ne%lacc«07^Uane, 
dimethylethoxysilane, dimetbyldimethoxystlane, diphenyldiethoxj^ilatie, 
hexamethyldisiloxane, 1,3-divinyltetrainethyIdisiloxane, 1»3- 
dq>lieDyhetram6thyldisUoxane, and dimethy^o^oxane havii^ from 2 to 12 siloxane 
units per a molecule^ wherdn every unit at terminal has a l^dro^l group bonded to Si. 
These compounds are used either individually or a combination of two or more thereof. 
[0076] 

Silica fine powders subjected to hydrophobitization treatment have a partide 
size of from 0.003 to 0. 1 preferably from 0.005 to O.OS \m. As commercialtjr 
available products, th^e are Taranocks 500 (manufactured by Tarco Co.) and 
AEROSIL R-972 (manufactured by Nippon Awosil Co., Ltd.). 

The addition amount of flowabilily improvers is from 0.01 to S parts by weight 
per 100 parts by weight of tl^ binder resin, preferably from 0.1 to 3 parts weig^. 
When the addition amount is less than 0.01 parts by weight, flowability is not 
inq)n>ved, and when it is more than S parts by weight, fog or blotting occurs or the 
scattering ofthe toner in flie machine is ac^ ....... i,, 

[0077] 

Next, the image-fbnning apparatus according to the invention for forming an 
image with die toner of the inv^on is described below. 

As is not shown in a drawing, similarly to convrational image-forming 
apparatus, the image^forming apparatus of the invention comprises at least an image 
carrier on which an electrostatic latent image is formed, a developing unit which 
develops the electrostatic lat^t image on the image carrier to form a toner image by a 
toner, a tranrf^ring unit whidi transfers the toner inuige on the inuige carrier to a 
recordiiiig medham, e.g., paper, and a fixbg unit whidi fixes the toner image transferred 



35 



06- 3-14; 7:67PM;NGBS?fa! 



SUGHRUEd) 



;0355613954 



# 42/126 



to the lecoitling medium by heating. Inthatcasei^ since the image c&rrier, the 
developing unit and the transfer unit are the same as those conventionally used 
description of each unit is omitted. 
[0078] 

Fiiithermore, the fixing unit is equipped with oiMess two rollers. H^nafier, 
the fixing unit is explained widiRg. 2. Fig. 1 is a drawing typically showing an 
example ofafixmg unit of the invoition. LiFig. 1, 1 is a fixing roller (a heating 
Toiler), 2 is abadoip roller (a pres^ roller), 3 is a releasing pawl, and 4 is a 
recordmg medium, e.g., pap^. 

Fixing roller I may be either a monolayer type or a multilayer type. A 
monolayer type roQ^ comprises a core bar having a diameter of from IS to SO mm and 
a buitt-hi heating member, and a ^cone rubber layer or a fluorine rubb^ layer having 
a thickness of from 0. 1 to 20 mm, preferably fi-om 0.5 to 3 mm, laminated around the 
core bar. Amuhilayer type roller comprises a core bar having a diameter of from IS 
to SO mm and a built-in heating member, an elastic layer havuig a thickness of from 
0.1 to 20 mm, preferably from 0.5 to 3 mm, and a coat layer having a thickness of from 

O.OS to 2 mm; pref^bly from 0.1 to 1 mm, laminated around the . coie barin^uence; r - * - 

As the combmation of the dastic layer and the coat layer, the following combinations 
are exemplified. 

(1) An elastic layer comprising a silicone resin, and a coat layer comprising a 
fluorine resin; 

(2) An elastic layer comprising a silicone rubber, and a coat layer comprising a 
fluorine rubber; and 

(3) An elastic lay^ comprising a silicone rubber, and a coat layer compri^g a 
silicone rubber and a fluorine rubber. In addition, the rubber layer in a monolayer and 

36 



3-14; 7:57PM;NGBfi?f» 



SUGHRUEd) 



;0355613954 



# 43/126 



the elastic layer in multilayers are layers having rubber hardness of 30* or less^ 
preferably 1 5*" or less, m IIS A hardness. 
[0079] 

Furtfao; backup roller 2 nuiy be either a monolayer type or a muMlayer type, 
A monolayer type roller comprises a core bar having a diameter of fixim 15 to SO mm, 
and a silicone rubber layer or a fluorine rubber lay^ having a thickness of from 0. 1 to 
20 mm, preferably from 0.5 to 3 mm, laminated around the core bar. Amutttlayer 
type roller comprises a core bar having a dian^^ of from 15 to 50 mm, an elastic 
layer having a thickness of fix>m 0.1 to 20 mm, pre&nbly from 0.5 to 3 mm, and a coat 
layer having a thickness of from 0.05 to 2 nun, preferably from 0. 1 to 1 mm, laminated 
in sequence aroxmd the core bar. As the combination of the elastic layer and the coat 
layer, the following combinations are e^cemplified. 

(1) An elastic layer conqmsing a silicone sponge, and a coat layer comprising 
high releasable ^cone lammated in sequmce; 

(2) An elastic lay^ comprising silicone rubber, and a coat layer comprising 
fluorine rubber laminated in sequence; 

(3 J An elastic la^^ ^cone rubber^ and a coat layer comprising 

fluorine rubber latex and fluorine resin laminated m sequ^ce; and 
(4) An elastic layer comprising silicone sponge rubber, and a coat layer 
comprising fluorine resin (PFAtube) laminated in sequoice. In addition, the rubb^ 
layer in a monolay^ and the elastic layer in multilayers are layers having rubber 
hardness of 30"" or less, preferably IS*' or less, in JIS A hardness. 
[0080] 

The pressure (linear pressure) of fixmg roll^ 1 and backup roller 2 is &om 0.2 
to 2 kgfi^cm, preferably from 0.3 to 1 kgG^cm, the nip breadth is fix>m I to 20 mm. 
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preferably from 4 to 10 ram. The velocity of the rollers may be set aibhrarify so that 
the time of transiting nip becomes from 10 to ISO msec, preferably from 30 to 100 
msec. 

[0081] 

As des^bed above^ the toner of the invention is fixed on recording medium 4 
without causing of&et by the increase of elasticity and viscosity, although the toner is 
in the state ofbeingm contact with fixing roller (heating roller) 1. Since the toner of 
the invention is excdlent in ofiset resistance at low temperature and high temperature, 
the fixing unit of the image-fbnning ^paratus m the inv^on can be made an oil-less 
fixing unit not necessitating coating of a release agent, e.g.» alicone oil, on the sur&ce 
of the fixing roU^. 

Further, according to the image-ferming apparatus in the invention, a high 
quality toner image having good transparency can be formed while maintaining oil-less 
and good low temperature fixing ability and prev^ting hot oSset by organically 
combining a tonv improved in low temperature fixing ability, hot ofiset resistance, and 
transparenqr as desciibed above^ with an oil-less two-roller fixing unit 

[0082] 

Well-known methods can be applied to the measurement of the physical 
properties of the toner of the invention, e.g,, softeninig t^perature (Tm), glass 
transition temperature (Tg), molecular wei^ particle aze» storage modulus O' and 
loss moduhis the evaluation of good ofi^ region of tiie toner at fixing time, and 
the evaluation of transparency, and an example of these methods is described in 
Examples and Comparative Example later, 

[0083] 

(Examples and Comparative Exan^Ies of the Invention) 

Herdnafter, the toners of the present invration are specifically desciibed with 
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reference to Examples and Comparative Exanqples. 

In the first place, the measmii^ methods of physdcal properties, dynamic 
viscoelasticity, the evaluation of the good region of offset at fixing tirne^ and the 
evaluation of transpar^cy (HAZE value) of the tonm in Examples and Comparative 
Examples of the invmtion are descdbed. 

[0084] 

(1) Measurement of softening temperature (Tm; melting temperature) ("C) 
The softening temperature of a toner (Tm) is measured by the f611o\raig 

mstnmxent and conditions. 

(a) Measuring instrument 

Constant load extrusion cs^illaiy rheometor. Flow Tester CFD-SOOD 
manufactured by Shimadzu Corporation 

(b) Frq)aration of a measuring sample 

As the measuring sample, about 1 g of a toner is compressionrmolded to make 
a cylindrical sample fitting in with the inside diameter of the cjiinder of Flow Tester, 

(c) Measuring condition 

Load: 20 kgf, pit of the die: 1 mm, length of tte die: 1 mm 

(d) Computing method of Tm 
A 1/2 method 

[0085] 

(2) Measuring method of glass transition temperature 
(Tg)("C) 

The glass transition temperature of a toner is measured by the following 
instrument and condition, 
(a) Measuring instrument 

Differential scanning calorimeter DSC220C/EXTRa 6000 PC station 
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manufactured by Sdko Instruments Inc. 

(b) Preparation of a measuring sample 

As the measuring sample, 10 mgofthe toner is sealed in an ahmumimsan^le 
container. 

(c) Measurii^ tempentture 

From 20 ""C (startipg temperature of measurement) to 200 ''C (finishnig 
taxq)erature of measuremmt) 

(d) Velocity of temperature up 

lO^C/min 

(e) Tg 

The temperature at the position y/hei^ endothermic reaction corresponding to 
glass transition temperature occurs (the shoulder position of the endothmnic curve) is 
taken as Tg. 

[0086] 

(3) Measurement ofmolecularwei^ distribution 

A sample for GPC is prepared by dissolving 5 mg of a binder resin in 5 g of 
THF, and fiheiing THF-insoluble substance and contaminated products ^ 
membrane filter haviiig a pore diameter of 0.2 iim. The thu^prepared sample (THF- " 
sohible contmts) is measured by GPC by the following conditions. 

(a) Column 

Shodex (GPC) KF806M+KF802.5, manufectured by Showa Denko Co., Ltd. 

(b) Temperature of cohimn 

30'C 

(c) Solvent 

THF (tetrahydrofuran) 

(d) Flowing velocity 

LOml/min 
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(e) Detector 

RI detector 

(f) Standard sample 

Monodispersed polystyrene standard sample (wdgbt average molecular 
wdgbt: from 580 to 3,900,000) 
[0087] 

(4) Measurement of partide size 

A particle size in the invention means an ^'average particle''. 

A partide size is obtained by measuring relative weight distribution by partide 
size with CouherMuItinzer in type (nianufictured by Couhe^ L00|jm 
aperture tube. Further, the partide ^s of external additives, e.g., silica particles, are 
measured by an electron microscope. 

[0088] 

(5) Measurement ofdynamicviscodastidty by step strain 

The dynamic viscodastidty of the toner of the invralion is obtained by 
measuring dynamic viscoelasticity with the following viscoelastidty measuring 
instniment by step strain by the Mowing conditions, 

[0089] ^ 

(a) "Mscoelasticily measuring instrument 

Viscoelasticity measuring instrximent is ARES viscoelasticity measuring 
system (ARBS viscoelastidty measuring instrument, manu&ctured by Rheometric 
SdentificFECo.). 

(b) Jigs used 

Two parallel plates of top and bottom (diameter. <p2S mm) are used. 

(c) Preparation of measuring sample 

About 1 g of a ton^ is put on the bottom plate of the panilld plates, the toner 
is heated with a heater to the starting temperature of measurement, and the top plate of 
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the parallel plates is put on the toner to press the toner when the toner becomes a littl e 
soft. The toner protruding from the paralld plates is removed by trimming, and the 
toner is fitted in with the peripheral shape of the parallel plates (i.e.> the diameter of the 
parallel plates), and the hdght of the sample is adjusted to 1.0 to 2.0 mm (the gap 
between the top and bottom plates), to thereby prepare a cylindrical sample. 

(d) Measuring frequency 

The measuring frequency is set at 1 rad/sec (1 Hz = 6.28 rad/sec). 

(e) Measuring temperature 

The measuring temperature is 180'C constantly in the invratioa 

(f) Measuring strain 

Only the bottom plate of the parallel plates is rotated to give strain without 
rotating the top plate. At this time, the temperature is maintained constant and 
gradually greater strain is given to the measuring sample (strain of from 0.1 to 200%) 
by strain-dependency mode (strain sweep). And the maximum strain of the storage 
modulus of dynamic viscodastidty in a linear region and the mhumum stram in a 
nonlinear r^on (the vahie of nonlinear monitor is 0.06 or more) to the given strain are 
found. These maximum strain and minimum strain vyere taken as the measuring 
straiiu^ at measuiii^ thne of step strai 

In the next place, (LI) is measured by ^plying the thus-obtamed maxhnum 
strain in a linear region in initial 5 minutes from the start of measurement, G' (NL) is 
measured by applying the similarly obtained strain in a nonlinear region in next 5 
minutes^ and G' (L2) is measured by applying the initial maximum strain m a linear 
r^on in next S mmutes. And G'(L1) is taken as the value after 300 sec from the 
start of measurement, and G* (NL) is taken as the value after 600 sec from the start of 
measurement 

[0090] 

[0091] 
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(6) Measuring method of fixing ability 
(a) Prepai^on of image for evahiating fixing abU^^ 

A so-called solid image was formed with a color laser printer LP-3000C 
(manu&ctured by S&ko Epson CoiporationX fix>m which a fixing part was taken away» 
and J pap^ (manufactured by FUJI XEROX OWICB SUPPLY) as paper for 
evaluation. In the invention, the toner was unifbrmly adhered on the J paper to 
therd>y form a so^Ued solid image, and the image-forming conditions were adjusted 
so that the adhered amount of the toner on the solid image was 0.4 mg/cm2. 
Subsequently, a 30% halftone image by isolated dot of 600 dpi of definition was 
formed in the 20 mm square regjon at the po^on 10 mm firom the end of the pap^ 
and this half tone inia^ was used as the linage for evahiating fixh^ al^^ 

[0092] 

(b) Fbcation of image for evaluating fixing ability 

AfiTdng umt was detadied firom color las^ printer KL-2010 manu&ctured by 
KONICAMINOLTA HOLDINGS, INC. and this fixing unit was used for the fixation 
of the image for evaluating fixing ability. The fixing unit is a heating roller fixing 
unit comprising a heating roller and a pressing roller. The fixing unit was modified to 
be capable of being drivm indispendentiy by external driving gear, and also to be 
capable of adjusting the fisdng mp-transtting tirne^ and fiirth^, to be capable of 
controlling the sur&ce tenq>erature of the heating roller (fixing roller) on the side 
which was contiguous to the image for evaluating fixing ability on J paper firom 100 C 
to 200''C. Furth^, the coating member of coatu^ silicone oil on the surfiice of the 
fixing roller was detached (the state of not mounting an oil pad) and 1,000 sheets of A4 
size blank paper not printed were passed, and the sur&ce of the fixing rollo* was 
dean^ with isopropyl alcohol to remove silicone oil from the fixing roller The 
sur&ce of the fixing roller was cleaned with isopropyl alcohol eveiy time when the 
image for evaluating fixing ability transited the fixmg unit hereafl^^ wiped with dty 
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cotton doth, tberel>y the suiiace of the fimg roller was maintained in a silicone oil- 
free state. 

Thus, fixing was performed by passing the image for evahiating fixing ability 
on J paper through the fixing unit having the fixing roOer fiom the suifiu;e of which 
silicone oil was removed at fixing dp-transiting time of SO mm/sec so that the sur&ce 
on which unfixed toner was adhered (the fanage for evaluating fisdng ability) was the 
heating roller side. 

[0093] 

(c) Judgment of non-ofl&^ region 

An unfixed unage fixr evaluating fixing aUlity was passed throu^ the fixing 
unit with stqiwise varying the sur&ce temperature of the fixing roOer, and whedier a 
part of the image that had moved to the fixing roOer transferred to the J paper again or 
not when pap^ transited was visually judged. Non-ofiset region was judged by the 
criteria that the region wherein a part of the image moved to the J paper was taken as 
the ofiset region and the region wherdn the image did not move was taken as the non-* 
ofiEsetr^on. 

[0094] . . 

(d) Measurement of good reg^(»i of fixing stieoigth 

The hnage for evahiating fixing ability after fixation was nibbed five times 
with an eraser (ECR-502R for ink ball-point pen, manufectured by LION OFFICE 
PRODUCTS CORP.) with a load of 11% and the residual rate of toner was measured 
according to image densities. Image densities before and after rubbing were 
measured by "X-Rite model 404" manuJSKtured by X-Rite Inc., and image density 
residual rate was computed by the foOowing equation: Reddual rate = (drasity after 
nibbing^density before nibbing) x 100 (%) 

As the result of measurement, the tenq>erature range in wfaidi image density 
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residual rate was 70% or more was taken as good region of fixixig strength. In the 
evahiation of fixing rate, miniinuin temperature of good fbdng strength region is used 
as the minimum temperature of good fixing rate. 
[0095] 

(e) Measurement of transparency (HAZE value) 

Image-fi^rming conditions were adjusted so that the adhesion amount of the 
toner on a solid image became 0.7 mg/cm^ and a $oHd image of 20 mm square was 
formed at 10 mm from the end of OHP sheet by unifinnityadhen^ After 
fixing the solid image at 1 80"C, the HAZE vahie of the image was measured with a 
HAZE meter (HAZE METER MODEL 1 OOIDP, manufectured by KTippon Denshoku 
Industries Co., Ltd.). The smaller the vahie, the higher is the transparency. 

[0096] 

Examples and Comparative Exanq)le$ of the Toners of the Invention) 

Hereinafter, Examples and Comparative examples of the toners of the 
invention are described below. 

< Manufixrturing method of the resins for the toners> 

In the first place, the manu&cture of the resins for the toners . of . the invoition . 
used in Examples and Comparative Examples is described below. 

(Resin 1) 

In the first place, a mixture comprising 36 molar parts of neopentyl alcohol, 36 
molar parts of ethylene glycol, 48 molar parts of 1,4-c^clohexanediol, 90 molar parts 
of dimethyl terephthalate, and 10 molar parts of phthalic anhydride was prq>ared. 

A two-liter four-necked flask was equipped with a reflux condenser, a 
distillation colunm, a water separator, a nitrogen gas introducing pipe, a thermometer 
and a sdner according to an ordinary method, charged with 1,000 g of the above 
mixture and 1 g of an esterification conde^ation catalyst, and esterification reaction 
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was earned oirt vyith bleedii^ water aiul 180^Cfix>nithe 
distilladon column. At the point when water and methanol stopped bleeding from the 
distillation cohimn, the distillation cohmm was detached from the two-liter four- 
necked flask and a vacuum pump was connected to the four-necked flask. The 
pressure in the system was lowered to 5 mmHg or less and the reaction system was 
stirred at a rotary speed of 1 SO ipm at 200^C. Free diol generated by the condensation 
reaction was discharged from the system, and the thus-obtained reaction product was 
taken as resin 1. Resin 1 had a softening temperature (Tm) of lirc, a glass 
transition tenq^erature (Tg) of 60^Q and a weight average molecular wdg^ (Mw) of 
13,000. 

[00971 
(Resin 2) 

Jn the first place, a mixture compri^ 70 molar parts of resin 1, IS molar 
pans of 1,4-butanediol, and IS molar parts of dimethyl to^^hthalate was prepared. 

A two-lit^ four-necked flask was equipped with a reflux condenser* a 
distillation column, a water separator^ a nitrogen gas introducing pipe, a thermometer 
and a stirrer accordit^g to an ordinary method, chaiged with 1,000 g 
nuxture and 1 g of an esterification condensation catafyst, and esterificatioh reaction 
was carried out with bleeding water and methanol generated at 200''C from the 
distillation cohum At the point when water and methanol stopped bleeding &om the 
distillation column, the distillation column was detached from the two-liter four- 
necked flask and a vacuum pun^ was connected to the four-necked flask. The 
pressure in the system was lowered to S mniHg or less and the reaction system was 
stirred at a rotaiy speed of 1 SO rpm at 220T. Free diol generated by the condensation 
reaction was discharged from the system, and the thus-obtained reaction product was 
taken as resin 2. Rean 2 had a softening temp^Bture (Tm) of 1 49^, a g}ass 
transition temperature (Tg) of and a weight avnage molecular weight (Mw) of 
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28,ooa 

[0098] 

<Maiiu&cturmg method of master batch for the tozLers> 
piaster Batch 1) 

As the colorant, 30 wt.% of pigment Toner Magenta SB (manufactured 
Clariam Japan K.K) was added to 70 wt% of resin 2. The mixture was thoroughly 
blraded by a Hcnschel mixer 20B (manufectured by MITSUI MINING COMPANY, 
LIMITED) and kneaded with a continuous system twin roll kneader (manu&ctured by 
MirSin MINING COMPANY, UMTTED). The kneaded product was coarsely 
pulverized to a particle dze of about 2 mm with a pulverizer (manufactured by 
HOSOKAWAMICRON CORPORAnON), thereby master batch 1 was obtained. 

(Master Batch 2) 

As the colorant, 30 wt.% of pigment Toner Magenta 6B (manu&ctured by 
Clariant Japan KJC) was added to 70 wt% of resm 1, The mixture was thoroughly 
blended by a Henschel nnxer 2QB (manufectured by MTTSIII MINING COMPANY, 
LIMITED) and kneaded with a continuous system twin roll kneader (manufectured by 
MTTSm MINING COMPANY, LXMITED). The kneaded product was coarsely 
pulverized to a pailide s»ze of about 2 mm with a pulve^^ 
HOSOKAWAMICRON CORPORAnON), thereby master batch 2 was obtained. 

[0099] 

<Manu&cturing method of the toners of Examples and Comparative 
&camples> 

(Example 1) 

To 14 parts by weight of mast^- batch 1, 80 parts by wdght of resin 1, 12 parts 
by weight of resin 2, 1 . 1 parts by weight of Bontron E-81 (manufectured by Orient 
Chemical Industry Co,, Ltd.) as CCA, and 3.3 parts by wei^ of camauba wax 
(manufectured by NIPPON WAX CORPORAnON) as the rdease agent were added, 
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and thoroughly blended with a Henschel mixer 20B (manufactured by MITSUI 
MININO COMPANY, UNfTIH)), mett-kneaded \vtth a tv^ 
(mami&ctured by TOSHIBAMACHINE CO., UD.), cooled to nonnal temperature 
(about 25*C), pulverized with a pulverizer 200AFG (manufactured by HOSOKAWA 
MICRON CORPORATION), and dasafied with a dassifi^' lOOATP (manu&ctured by 
HOSOKAWA MICRON CORPORAnON), therd>y mother particles having wdg^ 
D50 of 8 pm obtained. To 100 parts by of the mother partides. 1 part by 
wdght of alica RX200 (manufictured by >nppon Aeroal Co., Ltd.) was added and 
blended with a Henschel inbcer 20B (manu&ctured by MITSUI MINING COMPANY. 
UMITEDX thereby a toner in Example I was obtained. 

[0100] 

(Example 2) 

To 14 parts by weight of master batch 1, 50 parts by wright of resin 1, 42 parts 
by wd^ of resin 2, 1 . 1 parts by wdg^ of Bontron £-81 (mamifidured by Orient 
Chemical Industry Co., Ltd.) as CCA, and 3.3 parts by wdgjit of caniauba wax 
(manufiictured by NIPPON WAX CORFORAnON) as the release agrat were added, 
and thoroughly blended with a Hrasdid mbcer 20B (manu&ctured by MUSUI 

MINING COMPANY, LIMriED),meh-kneaded with a twd^sha^ ' 

(nuuniftctured by TOSHIBAMACHINE CO., LTD.X cooled to normal tempoature 
(about 2S'CX putvoized with a pulverizo- 200AFO (manu&ctured by HOSOKAWA 
mCROU CORPORATION), and clasidfied widi a classifier lOOATP (manu&ctured by 
HOSOKAWAMICRON CORPORATION), thereby mother particles having weight 
D50 of 8 pm were obtained. To 100 parts by wd^ of the mother particles, 1 part by 
wd^ of ulica RX200 (manu&ctured \ry Nippon AerosQ Co., Ltd.) was added and 
blended with a Hensdid mixar 20B (manufactured by MTTSUI MINING COMPANY, 
LIMITED), thereby a toner in Example 2 was obtained. 

[0101] 
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(Example 3) 

To 14 parts by wdght of the above master batch 1, 70 parts by wdght of resin 
1, 22 parts by weight of resin 2, 1 . 1 parts by weight of Bontron E-8 1 (manufactured by 
Orient Ch»ucal Industty Co.. Ltd.) as CCA, and 3.3 parts by wdg^ of camauba wax 
(manu&ctured by NIPPON WAX CORPORATION) as the release ag^ weie added, 
and thoroughly blmded with a Henschel mixer 20B (manufactined by MITSIJI 
MINING COMPANY, LIMITED), meft-kneaded with a two-shaft extruder 
(manufectured by TOSHIBA MACHINE CO., LTD.), cooled to normal temperature 
(about 25XX pulverized with a pulverizer 200AFG (manufectured by HOSOKAWA 
MICRON CORPORATION), and classified with a classifier lOOATP (manufectured by 
HOSOKAWAMICRON CORPORAHON), thereby mother partides having weight 
D50 of 8 pm were obtained. To 100 parts by weight of the mother particles, 1 part by 
weight of silica RX200 (manufectured by Nippon Aerosil Co., Ltd.) was added and 
blended with a Hmschd nux^ 20B (manufectured by MITSUI MINING COMPANY, 
LIMTTEDX therd>y a toner m Example 3 was obtained. 

[0102] 

(Comparative Example 1) 

To 14 parts by wSght of master batch i; W 
by weigjhit of resin 2, 1.1 parts by wdght of Bontron (manufectured by Orient 
Chemical Industry Co., Ltd.) as CCA, and 3.3 parts by weight of camauba wax 
(manufectured by NIPPON WAX CORPORATION) as the release agent were added, 
and thoroughly blended with a Hensdid mixer 20B (manufectured by MirSUI 
MINING COMPANY, LIMITED), melt-kneaded with a two-shaft extixider 
(manufectured by TOSHIBAMACHINE CO., LTD.), cooled to normal temp^ture 
(about 25"C), pulverized with a pulvOTzer 200AFG (manufectured by HOSOKAWA 
MICRON CORPORATION), and dassified with a dassifier lOOATP (manufectured by 
HOSOKAWAMICRON CORPORAHON), thereby mother particles having weight 
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DSO of 8 |jm were obtained To 100 parts by wdgjit of the moth^ particles, 1 part by 
wdight of silica RX200 (mami&ctured by Nippon Aerosil Co,, Ltd.) was added and 
blended with a Henschel mixer 20B (manufectured by MITSUI MINING COMPANY, 
LIMITED), thereby a toner in Comparative Example 1 was obtained. 
[0103] 

(Comparative Example 2) 

To 14 parts by weight of master batch I^ 10 parts by weight of resan 1, 82 parts 
by weight of resin 2, 1. 1 parts by weight of Bontron E-8L(manufectured by Orient 
Chemical Industty Co., Ltd.) as CCA, and 3.3 parts by wcdght of cainauba wax 
(manu&ctured by NIPPON WAX CORPOBATION) as the release agent were added, 
and thoroughly blended with a Henschel mixer 20B (mami&ctured by MIT SUI 
MINING COMPANY, LIMITED), melt-kneaded with a two-shaft extruder 
(mamijgictured by TOSHIBA MACHINE CO., LTD.), cooled to normal temperature 
(about 2S'C), pulverized with a pulverizer 200AFG (manufactured by HOSOKAWA 
MICRON CORPORAnON), and classified with a classifier lOOAIP (manu&ctural by 
HOSOKAWAMICRON CORPORAnON), thereby mother particl^^ having wdg^^ 
DSO of 8 \m were obtamed. To 100 parts by wdght of the mother particles, 1 part by 
wdgbtof^ca RX200 (n^anu&eturedbyN^ ' ' 

blraded with a Hensdiel mix^ 20B (manu&chjred by MITSUI MINING COMPANY, 
UMITEDX thereby a toner in Comparative Example 2 was obtained. 

[0104] 

(Comparative Example 3) 

To 14 parts weight of master batch 1, 80 parts by wdght of resin 1, 12 parts 
by weight of resin 2, 1.1 parts by wdght of Bontron E-81 (manu&ctured by Orient 
Chemical tndustiy Co., Ltd.) as CCA, and 5,6 parts by weight of carnauba wax 
(manufectured by NIPPON WAX CORPORATION) as the release agent were added, 
and thoroughly blended with a Henschel mbcer 20B (manu&ctured by MITSUI 
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MINING COMPANY, LIMITED), melt-kneaded with a two-shaft extruder 
(manu&ctured by TOSHDBAMACSIINE CO., LTD.), cooled to noimal tempmture 
(about 25XX pulverized with a pulverizer 200AFG (manufectured by HOSOKAWA 
MICRON CORPORATION), and classified with a classifier lOOATP (manufactured by 
HQSOKAWAMICRON CORPORAHON), thereby mother particles having weight 
DSO of 8 wo-e obtained. To 100 parts by weight of the mother particles^ 1 part by 
w^gfat of sQica RX200 (manu&ctured by Nippon Aerosil Co., Ltd.) was added and 
blended with a Henschel mbcer 20B (manufectured by MITSUI MINING COMPANY, 
LIMITED), therd^ a toner in Con^)a]:atiYe Example 3 was obtained. 
[0105] 

(Comparative Ejcample 4) 

To 14 parts by wdght of master batch 2, 70 parts by weight of linear polyest^ 
resin (manufactured by Sanyo Ch^cal Industries Co., Ltd.; softening temperature 
(Tm): lOS'C, glass transition temperature (T^: 68^C, wdght average molecular wdght 
(Mw): 11,500), 22 parts by wdght of crosslinked polyester re^ (manu&ctured by 
Sanyo Chemical Industries Co., Ltd.; softening t^perature (Tm): 144°C, glass 
transition ten^erature (Tg): 60^, wdght average molecular wdght (Mv/): 29,000), 1.1 
parts by wdght of Bontioh£-81 (manu&ctured Orient Chdnical Industry Co., Ltd.) 
as CCA, and 3 .3 parts by weight of camauba wax (manufectured by NIPPON WAX 
CORPORATION) as the release agent were added, and Aorou^y bloided with a 
Henschd mbcer 20B (manufectured by MITSUI MINING COMPANY, LIMITED), 
melt-kneaded with a two-shaft ^ctruder (manufectured by TOSHIBAMACHINE CO., 
LTD.), cooled to nonnal temp^ature (about 2S^C), pulverized with a puhrerizer 
200AFG (manufectured by HOSOKAWA MICRON CORPORAnON), and classified 
with a dassifier lOOATP (manufactured by HOSOKAWA MICRON CORPORAnON), 
th^d>y mother particles having wdght D50 of 8 ^ were obtained. To 1 00 parts by 
weight of the mother particles, I part by wdght of silica RX200 (manufectured by 
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Nippon Aerosil Co., Ltd.) was added and blended with a Henschel mixer 20B 
(mami&ctured by MITSUI MDSIING COMPANY, UMTTED), thereby a toner in 
Con^arative Bcample 4 was obtained. 
[0106] 

The storage modulus G' (LI) in a linear region and the storage moduhis 
(NL) in a nonUnear r^on at ISO^C of each of these ton^s in Examples were 
measured, and the evaluation tests of non-of&et region, fixing strength region, and 
transparent (HAZE value) as described above were perfonned by using each of these 
toners. The results obtained are shown in Table 1 below. 



52 



3-14; 7:57PMiNGB1Sn 



SUGHRUEd) 



10355613954 



# 59/126 



















1 1 


o 


0 


0 




o 


X 




•8 
















Good Fixing Rate 


o 




0 




X 


o 


X 


H 
















oaset 
















1 


o 


< 


O 


1 

o 


X 


o 




1 

1 
















i 


00 


2 


r-t 


OO 




o 


<s 


































il 


o 

CS 

i-H 


o 

00 

<**> 


o 
o 


00 


o 

s 


o 


o 






















Example 3 


■{ " 


1 - 


1 " 






m 


1" 


II 


II 

1 i 


It 

1 i 


Compai 
Examp 



06- 3-14; 7;57PM;NGBRMI 



SUGHRUE(l) 



;0365613964 



# 60/126 



Low tempefature offisiet 

o: l60*Corless 

A: Higher than leO'^C and lower than ISO^^C 
X: 180*C or higher 
Mmhnum temperature of good fixing rate: 
o: 160°Corless 

A: Higher than 160**C and lower than 180^C 
X: 180^C or higher 
lYansparency (HAZE value); 
o: Less than 30 
A: From 30 to 50 
X: More than SO 
[0108] 

As shown in Table 1 , G' (NL) m a Unear i^on at 1 80*^0 was 1 20 dyn/on^ in 
Example 1, 380 6yn/ca^ in Example 2, 200 dyn/cm^ in Example 3, 80 dyn/cm^ in 
Comparative Example 1, 600 dyn/cm^ in Comparative Example 2, 110 dyn/cm^ in 
Comparative Example 3, and 700 dyu/cn^ in Conq>anitive Example 4. The ratio of . - 
(G* (LI)) in a Imear r^on to (G' (NL)) m a nonlinear r^on at 180**C; G' (Ll)/G' ^ " 
(NL) was 8.3 ui Example 1, 19.7 in Example 2, 12.S in Example 3, 4.8 in Conq)arative 
Example 1, 21.5 in Comparative Example 2, 10.4 in Comparative Example 3, and 21.4 
m Comparative Example 4, 

[0109] 

Furtfa^, as also shown in Table U low offiet was 160^C or more in Examples 1 
and 3, and lower than 180^ in Example 2, thus any Example showed good result In 
Con^arative Example 1, low ofiset occurred in every measuring temperature, thus not 
good. In Comparative Examples 2 and 4, low ofi&et occurred even in 180T or more, 
thus mferior and low ofi&et was 160^C or less in Comparative Exanq)le 3, which was 
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good result. 
[0110] 

Further, minimum temperature of good fixing rate was 160**C or less in 
Escamples 1 and 3, lower than ISOt: in Example 2, thus every Example showed good 
results. In Comparative Example I of&et occurred in ev^ measuring temperature 
and fixing rate could not be measured. In Comparative Examples 2 and 4 fixing rate 
was ISOT or more and inferior, and fixing rate was 160*X?orlessinCon^parative 
Example 3, which was good result. 

[0111] 

\^ respect to transparency, HAZE vahies were less than 30 in Examples 1 
to 3, which were good results. In Comparative Example 1, HAZE value could not be 
measured m eveiy measuring temperature. In Comparative Example 2, HAZE value 
was less than 30 and good resuk. In Comparative Examples 3 and 4, HAZE value 
was greats than 50, which was inferior. 

From these results, it was confirmed thai the toners in Examples 1 to 3 could 
attain the expected effects. 

[BriefDescription of the Drawings] 

mi] 

Fig. 1 is a view showing an example of the behavior of the toner of the present 
mvention having the cfynamic viscoelasticity of temperature-dependen<^ before fixing 
nip at fixing nip part» and at the outlet of fixing nip of a heating fixbg unit. 
[Fig. 2] 

Fig. 2 is a view typically showing an example of the fixing unit of an image- 
fornung apparatus to whidi the toner of the present invention is applied. 
[Reference Numerals] 

1 : fixing roller (heating roller) 
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2: backup roller (pressinig roller) 

3: rdeasuog pavtd 

4: reccndiag medhim, e.g., paper 
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[Designation of Document] ABSTELA^CT 
[Abstract] 

[Problem] There is provided a toner which can efiSxtively inq)rove low temperature 
fixing ability and ofiset resistance of a toner by using dynamic viscoelastic charactmstics 
more conformable for actual toner behavior in fixation by heating. 

[Means for solving the problem] In the tone»^ the storage modulus (G' (LI)) in a Hnear 
region and the storage moduhis (G' (NL)) in a nonlinear region at 180^C satisfy the 
relationship: G' (Ll)/^ (NL) is fi-om 5 to 20, and G* (NL) is firora 100 to 400 dyn/cm^. 
Therefore, a linear region and a nonlinear region of dynamic viscoelastic characteristics of 
the strain d^enden^ of the toner are efifectivefy utilized in fixation by heating. 

[Selected Figure] Fig. I 
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